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PURPOSE: To dispense with the use of HCI in 
growing an AllnP buried layer by an MOVPE method in 
an AIGalnP red semiconductor laser. 
CONSTITUTION: A semiconductor laser is so 
constituted that an MQW active layer 105, which 
consists of a GalnP (well) layer and an AIGalnP 
(barrier) layer, is held between AIGalnP light guide 
layers 104 and 106, AIGalnP clad layers 103 and 107 
are arranged on both sides of the layer 105, the P 
side clad layer 107 is processed into a mesa type and 
the side surfaces of the mesa part of the layer 107 
are filled with a material (an AllnP), which has a band 
gap larger than that of the layer 105 and has a 
refractive index lower than that of the clad layers 104 
and 106. In the laser, the film thickness of an AllnP 
current blocking layer 110 is formed in a thickness of 
0.5 fl m or thinner. 
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**** < *»o* 5 y KiOfilWwA l *r£A/£in- 

[IS** 2] llflEgttJitfGa I n PtKliA 1 G 
a I n PlcJ:9*fcf±-t*i,e)<0^-fixj4»«:*^#Ft L 
TffM^ix. #N£$ 1 2»«S*3 ±t/Jg 2 7 s/ K 

iA5AlGaInP|:±0MSil> ?5^o % WJESftii 
#Jii5S (A 1 x Gai-x ) 0.5 1 "0.5 P (0. 7<X 
^1.0) KiiJ^jfcSttT^SrtSrWKfc-rstt* 

[W#JS 3 ] MISa«)ji^e^±»CG a A s £fcf±G 
ao.5 Ino.5 PfrbttZ** v ZtlX^Z 
ii*r»»i:i-*l»3M[l4fctt2B«© j m»flci'- 

Itft*JX4] (l) ft l mi 

(2) mtEiffe^llISril^fdy^^^L-CT. h7^7° 

( 4 ) Mf£^ * * <0«iK $ *Lfc#t1ft-etlWE* 2 * 7 s/ K 

itiJiEft 2 7yKliO (Sffl*f*©A 1 

III-VKflSfHb^tt^trO. 5MmtAToJ?£(£iliR#j 

[f*#«5] ME£ (4) ©XSttHttTEI-©** 
^c*^firt(w*i^THtllEm 1 »«>&*«±fcA 1 
4^^ft:S:jlkw^ljl***.-C«E2©«ftii*IB*« 

f£i-sxeriSi!JD£*vc^5 c & s:#mt-re»*«4 

[000 1] 

[jg3g_h©ftjffl#if] iMMsv— y**3.fcU»E: 

©KifefrfelCffiU WfcA 1 **M£lII-ViJiflS^#»¥ 
[0 0 0 2] 

m&O&ffi] 0. 6 M mmT5IM1-2>A 1 Ga I nP 

y h7-<7'«ig iuno=n 

• U^— X [Electronics Letters ) 2 3t (1 987 



(2) 
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1 327I~1 3 2 8I] «6<)t-fe5 0 w©#| 
at-0J±, iiiR*I«>&<?Wf (*?5ft7*n s/^Jf) llGaAs 

(0 0 0 3] i<0«<O»«>ii*fiu-1ffl>Wfffifl|Ji«ria 
5fc*i% B 5 fc* Lfc l/-f ©«3t*Sl4 v «MX 
*tflriS* («T, MOVPEilE-T) itSrffl^tnf 
GaAsSfe20 lil:niGaAs^y77l2 0 
2, niAlGa InP^77F|20 3, n^A 
io IGalnP t*3ffi9^ 7 y KB 204, firttS 2 0 5, p 
MA 1 G a I n P 7 y K 2 0 6 , p lA 1 G a I 

nPW77Ki20 7 > piGalnPAfD^y 
7 7-J12 0 8, paGaAs^rt77*l20 95:iW 
»cfc, r.©^cfl|Jt««SrMOVPE»« 

ii^<D7^- h y y?7 7j8xzm\<^xmik'>!) =^«& 

5 ax mifgmaWT. h 7°^lC»DX-t5>„ 
[0 0 0 4] £^1::, r<D^fb->y ^VKSr^T.^lcffl 

r^xDffi^tSffi^S^MOVPE^aiC^A 
U nSG a A s ««^b y 2 1 0 «r»RWt)«ft 
tt-CMOVPE'Sg«*»b*»>aU ^k->!) 
nV-rT^SrlSfc*^ ffSMOVPEgftpSGaA 

S 3^ni2i 2£fiJcft£it5 <1 *Lr#e>*tfc^ 

7n«iitStg|Cn<S!l«ffi2 1 3. pflm&2 1 4&Jgft 
LTE1 5 <D u—ftmtbtiZo 
[0 0 0 5] L*>brw«itro^{*:v— If-Cti, 

[000 6] *tt»«jfe«:tte>i-fc«>fcM:. S14g «fc 9 
/<> K^f -Y y7"*5*:t < ? 7 y Ki DteJBW*»A 1 I 
nPSfcliAl Ga I n PB£G a A s CDftt> V iCfflV^ 

H^iCl. 0. 8~0. 9(imSt^St5AlGaAs 
40 ^W— !f|C*5V>Tt, S5A lffi^WA 1 G a A s-^A 1 

a s zmft&*>&*mKm^5mmmm&m*:&m$L 

1rz>1tib\ztt3i%iX'hz> e r (ox 5 (-a l ^^-A^ysiiii- 

V^^*^ (Al InP, AlGalnP, A 1 G a A 
s. AlAs, Al InAs, AlGalnAs/fif 
<D) Sr*i!>ii*»lcffli^||JB*f**ttKi'— !fOtS* 

[o o o 7] mi v&mm. Mmhum^^itAi 

0.5 Ino.5 P«r»«a»ii*JililfflV^3KJB0f**« 
so (4 jim) aMM*3ftTV*3 (1 9 8 9¥^C* 



ft Bfl¥ 8-32 1656 



3 

3? 5 o mfcmmm^mmm^ffiM 3#28a-zG- 

4) . CO«#-C'{4, i£p<1r«jg[;:j«}fflnA 1 0 .5 I n 
0.5 Pi nlG a A s &ffi#>&A/-C*V>£ 0 
[0 0 0 8] f^Wft&tftJii, ^BJ^Cj/iS^LfcA 
10.5 I no. 5 P4rl»Mit:fflV^AlGa InP 

a% u— if-cfcs ( 1 9 9 4^m^\y-^mm^m^m 

|Th 3. 5 2 4 31), iW^-eti^ jgi£SS»& 
£ 1 4 cm-l£f{g;i&U r4xl-<toTL§v^m«t» 
{£® t ^'^^^m<D±.mm hiXtlZ. t i>*G a A 

5. rO^T'li, iMffit^ffiStA 1 o. 5 In 
0.5 P t nlG a A s £rffia6iiA/'ei^5, 
[0 0 0 9] SFS3 0&*#]fi, ftk^SLfcA 1 0 .7 
Ga 0 .3 A s SrSfeii^SiCffi^fcA 1 Ga AslW- 
f -C'fc "9 » -V-ffi&^A 1 o. 7 G a o. 3 As 

aUfcrtl:S§Lt^5 (1 9 9 3 ^%&% 5 4 HUS 
ffl^S^£^«!g(££^yftN o. 3 2 9 p - k - 1 

4) . 

[0010] mtHmtb^m^A 1 I n P £fcliA l G 
a I n PSfcliA 1 G a A s SfcliA I I n A s 
A 1 A s S:ffl^-C*JB*r*W«ffi^— !f«rfKHf 5» 
3\ A 1 S:^«*£»fcJ«*3*fcimtffc&fcV\, 
Ltf>U iiS^MOVPEfe-CiiSA UflfigcOA 1 €r-^A/ 

^^p-r-s (1992 5 3 nusffl^a^ 

^WWafrHMftNo. 3 16p-ZE-14, 15*3J; 
Xftf-Y—f-Jl' • iff • 9 V • if xi— 7, (Journal 

of Crystal Growth ) 124 (1992) 235-24 
21) fcSVMiC 1 Sr^-A/fc'MilsfSrfflV^r. £ (i^- 
-TvU • • ztU^ hn-Jr $#/t< • yih^^T 1 ^ (Jour 
nal of Electrochemical Society) 138 (1991) 
1 8 1 7-18 2 61) KJ:0a*Wt*«:3imL-O* 
5. 

[0011] 

immtw&LZo k-i-smmi ai up, aige 

InP, AIGalnAs, All nAslilfrfSStro 

£\ (111) ®T-«j££ix5^-!HIJSB<b (001) ffi 
•eM^flSfAl, Ga, I ntD&IJ&SiixS 

[0 0 12] ifi*. S«i:I^DE*ffi:T'fc5 (0 0 1) 

©effitt»«>ii*Ji*rjfe* < iStt«* J: B? 

[0 0 13] i*, CWSi,*i;4rMOVPE&cOJ^^^ 



4 

itJ^Lttfc. L*»U HC 1 SrSfcOn-TS 

HC l*^"<«t>^K*, *$H*#»SL-CV*T*MEK:|ffl 

[0 0 1 4] 2^f ^?=n^-hlCHC 1 

SrSamLTjftftSttfcA 1 I n PSril^tlAii^-aiwffl 
io WcA 1 Ga I n P If £f*fE U l>— tfODfg 
«tt^S9IC0V>t^Lfc„ ^Lfc^frU-if 
CO*igl±, HI5|C^Ufc^5fero«iig(C*3V>Tn®GaA 
sUSET'n.y^Jf 2 1 0 5rHC 1 gsflDMO V P EfeT-i§ 

K— 7 s ) Al 0 .5 I n 0 .5 P O¥$0. 7 *i 
m) lCfi#&;ifc«ire&£o 
[0015] LTA 1 I nPli, (001) if^ 

Al Ga I nP/^DTiGa I n P ? xA-*>fei!c5i* 
20 S^F^fc « , mmfom* 6 3 6 n mfC&S ± 5 KM 

[0 0 16] Kfl*LfcU-1f©4*tt«rff*-Lfc-i:-r5, 
SScJfcOG a A s «r«JM&*JiKffl^fc U— »f (Cit^T L 
#^ttm«t7JS{£T, *«S*#*?-9!i*!8*±#U U— !f 

±Lfcu— tf{i2^r >-5=-?^(c-Sl5# (tf^rojfajxi;: 

30 fcftfc u-if ti l # v ^«t«%^i«s < r i>i& 

<, tfL*»tta«ltflSUTV*fc. *S«5li^7% (4 5 
[0 0 17] tttt©fi>otu- iftraieStS'T-SllWR 

fc. iiaj«»«f a 1 i n pmnmwmkL 
tt^erofcast Ltii, hc 1 ©»***saax36risi 

«g£U m^fl-fe#L-CA 1 t I n«>l&J*Jfc#a£fl:L 

40 fcfc*i:#x.ib^5o hci»movp 
E&r-fiJcS^-frfcA 1 I nPSrSfeii^S^fflV^U— 

[0 0 18] WftroA^ofc*^- (7^) ico 
^ttfi«Jlt5 O^T?— ^3tetii^5mW(DiittK» 

D <DA 1 I n Pffiii6^®(7)J^B^ i "bffi'ttg{C|pj7!i^ 
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lo oi 9] m&frft$i^tzmtobLx\^ mmvtzx 
o\z (ill) ffix'h$s<vm%b (ooi) mvbz 

¥fiS5T*l4A 1 t I nroSt0ji*^*Wi5fc«>»-ia 
ibttSo r <£>4 5 lcfi]M$te<r)&' u— if T*t¥fflS5i: 

[0 0 2 0] £P>IC, plGaAsny?^H212 
kiftii^Al I nPgCD^ffit^^&ro^iSfe^SISL 

T^5-Ht%±P>n5 0 :iW4cRM8£l4, A1UP 

^ft->y = £*/n***s; 

[00 2 1] **W©1W»4, £l±?>ft5l5fll<7):X-££;£ 
HRLX, A 1 I nPifcltA 1 G a I n P£fcl4A 1 I 
n A s *fc!4A 1 G a I n A s ftfA 1 £^75>0*I/& 

iftL 5 3 J: 5 
[0 0 2 2] 

■*y7iHz%<i)*r}9 7 y Ki^fSKtWWA 1 $r^A/ 
«III-V«J<k^**i»«c-C«JOiiA/^«(*:u— !fK*J 

U< 14, mflEffi*ii^-®co±{-G a A s £fc<4G a 

0. 5 I n 0 .5PA^^2)^r-r S^JfAMi® £*l5 0 

[0 0 2 3] #SPS(Cj:*Uf, (1) IBl^mS 

¥##££±1;:, UW5^KI, ©teg, »2 

1, (2) UtrBI6a««r»lR«UC*y?->^L-C^ h7 
-r^w-^^^Sr^i-^xei:, (3) BHIE^** £ 

i, (4) *nev**©#fcSftfc:|K«-eWK*2*? 

frommm2mnm? 7 y kjij: &«jb*t*© a 1 £^ 
ttttfcj**s#Tm*»&*»fc#j*-t-5xeJ:, * 

T, #;£L<(4, ffilBjg (4) ©XSKttttTRI-Oilir 
*j*ft*Brtt*jv^-CtWEj(Si«ftii*Ji±lrA 1 Sr£ 

»j«-r«xe* j ia*o*ii* D 



[0 0 2 4] 

IAMB] WT, i^-1fcfe J: 

±lC*fttJLfc#ifeffi«Z>¥^«t A 1 I nPSWJl^tD 
BI^Sr^UfcHTfcio (•) I4HC1&U &% 
(O) (4HC 1 SraaWLTfiJtft**fcift*-e*5. EB(£ 
fel^T, mcfV 
fymicWit**** "1" tU, JEj&flsSfc, 

fo^o hc i % mm sterns, nm.zffitzA 1 i n p 

l©H$j)i0. 7 n m*-CJ4#)gf B <D*f|iSf4^flftC'>^ 

±5A 1 I n P^CD*a^l4^O#<0fc*t- U— iFO&it 
*«5*««<*S. HC 1 Sr*amLftV^»*Ht, 

A 1 I n POmZfcO. 5(im«Ttfctllff^^6 

1 EAT-e»R*ft ** »rte-c*> »> , HC 1 SrSsiDU 

so [0 0 2 5] HI 4 14, f^SiLfcA 1 I n PlftMl/- 
f©«^MiAI I n P^<75l?:$WHff,<Sr^Lfcl!-e 
foSo *S##I4, #S«iUE5 0'C, -^0itl5m 
WOCD^T'iZtbL, ffiAm»5«]fflffl[0 1 . 2(&ift 
5ft£l$P«f|-C*>-5. A 1 I nP^SfiHC 1 4: 

iMrA I I n P 1(7)*$ 755 0. 5 M mKlTT-fo^f4tt^ 

mmm* iooo o«*micaiu ft«tt<oiS5v^-if am 

PjtvSo wix(4, Al I n Pgcoff$755 0. 5/im£lT 
[0 0 2 6] Ul±(D£5lwSftS*&*Bro)5£Sr0. 

tRStfc&^JicojfcgiSrO. 5nmWTi:-r5*:5gWOSi 
ig*ftSrSlffli-SrtlcJ:>3HC 1 Sr»api-5ri:4< 

[0 0 2 7] $P>(C, A 1 I n PtfcfiA 1 G a I n P 
SS:S»iiA/^^S?<t • ^SfeBTlltrofcfttCG a A s , 
40 Gain P<OA 1 Sr^*ftV^ir V ^SSrjii^S^-e: 

S. 

[0 0 2 8] 

TlftBJ-r 5„ H 1 {4, **WO-3afi*5i]«r*i-A I G a 
I n P^U- if»»fffilllT-fo-5= mm\zni£ti5£o 
IC, *^*SW(7>^tt£U-U ! (4, S i K-y»nSGa 
so AsISlOllir, Si F-T'OnSGaAs^y? 
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71102 (SiigS: n-1 X 1 0l8 cm -3 N Rff . 
t = 1 a: m) , Si K-y^nl (A 1 0 . 7 G a 0 . 3 ) 
0.5 I n 0 . 5 PfyyFMlOS (n=lXlOl7 C m 
-3, t = 0. 6^m) , /VY—ZftD (AIq.5 Ga 
0.5 ) o.5 I n 0 . 5 Pfttf-f KJ§ 10 4 ( t = 5 0 n 
m) , iSttI105tLt/>'K-7 p Gao i 5 I n 0 .5 
P ( t = 8 nm : 4Jf) b / is K~ :/ (A 1 0 . 5 

Ga 0 .5) 0.5 I n 0 . 5 P^JT (t = 5 nm : 3jf) 
^^^5#SS^#Fe, /lsY--?<0 (Alo.5 Ga 
0.5) 0 ,5.In 0 ,5 PWK1106 (t = 50n 
m) , Z n K-^O pi (A 1 o. 7 G a o. 3 ) 0. 5 1 n 
0. 5 P * 5 y KS 1 0 7 (Z n«J$ : p = lX10 17 c 
m~ 3 , t = 0. 6//m) , Zn K-^pSGao.5 I 
no,5 P^fD/^y77ll0 8 (p = 5X10 17 cm 
-3, t=0. 1/zm) , ZnF-ycOplGaAs^rt 
^^110 9 (p = lX10 18 cra" 3 , t=0. 4v 
m) , Si K^nlAlo.5 In 0 .5 P««ft^n y 
^§110 (n = 1 X 1 0 17 c m -3 , t=0. 1. 0. 
3, O. 5 j*m) , S i F-^nSGaAs*t^ 
gill (n= 1 X 1 0 18 cm"3, t=0. 3 p m) , 
ZnK-^GaAs3^nill2 (p = 3X10 
18cm-3, t = 3/im) ^WU $ 6 tcSffiSffit- n M 
^113, plGa As3V^ bMl 1 2_hJCpfti] 

[0029] mi t^Lfc*3llB«o^*ffu— 
foKJUiSrifefcov^-cRWrs. B2 .(a) - (c) 

PESSaSrffi^fco MiltAl GalnP, Gal 
nPHl In PtfcftiCJi, h !i^f;l/7;U-;^^A 

(TMA1) , b V V J* (TEGa) , bV 

J^/U^^i?*?*. (TM In) , 7t^7^y (PH 
3) *:ffllf\ GaAsrtftKtthyxf^y!?^ (T 
EG a) TAsifW (A s H 3 ) £JHl>fc 0 

[0 0 3 0] Sfc, nI*5«ttfpIK^>htLtli 
(S i 2 H 6 ) tv'xf;!/!^ (DEZn) 5: 

tt6 6 0X1, rit*JE>>Jtt:7 Otorrt Lfc Q *fc, fiSc 
*i&SteA 1 GalnP, GalnPtl. 5 /i m/ 
h, Al InP-CO. 5//m/h, GaAsX'4. 5^ 

[0 0 3 1] *1\ niGaAs £|g 101 SrflElfcSfcffi? 
}S-e^y^^^», MOVPE5i£f^l:i8it, ni 
GaAs/^7711 02, n.I (A 1 0 . 7 G a 0 . 3 ) 
0.5 1 n 0 . 5 P^yKllOS, J>Y—-f (AIq.5 

G a o. 5 ) 0.5 I n 0 . 5 Kil 0 4, SteJI 

10 5, 7>-K— :/ (A 1 0 .5 Ga 0 . 5 ) 0.5 1 n o. 5 
PfttfJ KI10 6, pS (A 1 o. 7 G a o. 3 ) 0. 5 I 
no. 5 P^?yKI'l0 7 % plGao.5 I n o. 5 P^ 
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TP/<y7ril08, plGaAs^^|109 
112 (a) ^-r^-rDfl}itS«Sr# 

[0 0 3 2] Kltf^61S5ttlLfc», iftCVD (4 0 

ot) -e«fbs/y =*^Sro. 3 MmommciftSrt-*. 
^!)3^^ 1 1 5 #cwe, MMfc^y =» 

V-^X^ 1 1 5£-^X^ fc LT, ffl^O^s^V^iSrC 
10 plGa As^iry/i 1 0 9, pSGalnP^fo 
^^7ril08, plAlGa InP^7yKI10 
7Sr»««jt3iy^v^L"C, B2 (b) fc^tiSJ: 

[0 0 3 3] r<o*«*Stf^*fcRtiU IMt^y 
1 l SSrfflV^T, nSA 1 I n PtS^n y 
^1110 (0. 1, 0. 3, 0. 5»m) % nSGa 
Astt^Il 1 2 

(c) ] 9 ::t\ Al In PgJ±^i¥£rO. 5 & mH 

[oo34] 5 w t-cKfb^ y = 

V-r^^ 11 5«rRft*Lfc«* SVSSSffKRtLtp 
iGaAsn^^Hn 2*rJ*ft£*fc 0 
SSIBI: A u - G e ^5)45 nffltS*, plGaA 
s Mil 2±CC r-Au^5>45pil« 

1 1 4*Bf&Lxmi(Dmm*&<>¥mfti'-^*m 

[0 0 3 5] »&ixfcU- if (*S§?S5 0 0 /zm, « 
30 Bfi3 0%-9 5%=i— r^V^) <&ftfcffiV*L#VMK 
SSfcf±3 6mA, ^n-ya*liO. 8 0W/AT« 
OGaAsiftii^l/-f (U^ItffliSOmA, 
^D-y^fiO. 6 0W/A) «r_LES*H**:ofc 0 
tLtk- if*H£te, Al InPt«^ 7 ^lii0 
(0. 1~0. 5 Mm) JC**<ft#*f t «S|^ 
CT*feofc 0 0 38iBj6*»4 6 3 6 nm-e&5 0 2 ^ 
S«^3^gFf (#*CD»UC*tLT±Sft, T8IE) 
^&Hfc6 5*fOI/-f(0 5^ L£vMffi®3ft4 Om 
A«K^ n -7"$)^ 0 . 7 0 W/ A^±<7) if 14 5 
40 8*^-e*>9, *99tt9 0%i:a* < t5*:t<rpJ±U 

fco 

[0 0 3 6] rixbou-if^ (l 5*^0 £ 

*H«ffl« 5 OtJ-C— ^ffi^f 5 mWCOiiS^tC^mtfc 

ti5u 3000 mmzmz-xmw£<k'tz r 

»WIE«>Http*3i»fe iooo o«MBt^»-e#fc 0 
[0037] £x±<Dmmmt*mm7'* ?*m#A 1 i n 

P-VbZm&lCi^Xj&^tZlP (AI X Gai-x) 0.5 
In 0>5 Pi (0. 7<X<1) S:i^fc»^-et>0. 

so 5/imS-eii, hc iasai-f5ri:*<a«ij*ft*sprffi 
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9 

-cs>9, ai i n ?<DW&h^mzmn&<r>ft\,^\s— v 

[0 0 3 8] ft*3, ^IS^jT'teA 1 I n P^A 1 G a 

Oftfl, Al I n A s , AlGalnAs, Al I nN, 
A 1 G a I nNttiffaaHC-toTft^ieft^KftL, 

[0 0 3 9] 

ttIJ:9/^K^t y < * 9 * KB J: 5 (£JB*f 

Ctro-efcSM, HC 1 *^^5;i£fc<ffi«>i&* 

# 4 £ £ 1 JcS»ii*^S»a>*ftttS:^±S*5 r. £ 

nms t stasis t -wariua <t tw*^***** o xmat 

IBBoffi)|itt1ft9U 

IB l ] u-itoflliS** 
-fWrffiBo 

[B 2 ] El 1 tc«-T jtlfi«<o»Jt*«feS:lftWi-5fc«> 
OX&JHVnEB* 

[03] 



70 

[0 3] #«W©flUH*tt?W-*fc»<0* S«>i&*B 

[0 5] t£#<o¥*ft ^WrffiBo 

10 1, 2 0 1 n®G a AsSfi 
102, 202 nlGaAs^y77l 
10 103 nlAlGa InP^7y KB 

2 0 3 nSA 1 Ga I n PM^77 KS 
10 4 /> i G a I n Pft#>f KB 

2 0 4 nSA 1 Ga I n P l*i{BS * 5 :y KB 
10 5, 2 0 5 ffittJI 

10 6 J is K—^A 1 G a I n Pft#^ Kg 
2 0 6 plA i Ga I nPrtfl^7y KB 
10 7 p S A 1 G a I n P * 7 y KB 
2 0 7 p§U 1 Ga I nPMI^y KB 
108, 208 piGaInP^fn^y7rl 
20 1 0 9, 2 0 9 p|GaAs*t77 p | 

110 ri*SA I I n Pli^o y*B 
2 10 nSGaAsliynj/^I 

111 nlGaAs^7/l 

112, 212 plGaAs^V^^M 

113, 2 13 nffltttg 

114, 2 14 pfflm® 

115 ^{tv-y n^-^^^ 

[04] 




_i 1 ■ 1 1 — 

0.2 0.4 0.6 
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(7) 



111 



[02] 



109 108 



112- 





101 -n&GaAsS£ 

102 •nfflGaAsAnOT'J* 

103 -nil AlGcInPi?^«y^» 

104 -sy£-zrAiGQ\r)P*?S4tm 

ios*** 35§ n 

106"-y>^-^AlGalnP^^r-<K« 

107- pfflAlGalnP^^Jl 

108- pSIGalnPA5 i D>'C^3'Jl 
l09~pSGaAs*+v7Jf 

110- n m AUnP •Sft^ra'v^W 

111- nl&GciAs4=*^J» 

112- *PffiGaAsD>5^hJi 

113 - --nMtt 
114~PflM 



<b) 




^j^-115 B*-fc2/UU>V*? 

109 
ICS 

-107 




<c) 
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(8) 



15] 



206 



212- 




213 



201 -n&GaAs&ti 

202 "nfflGoAs^^TJt 

203- nasiAlGalnP^ffl2?^^J» 

204- nffl AlGalnP ft M 
205- 

206-pffilAlGalnPrtfcl^^Ji 
207~PS!AlGfllnP*K»?5-/K» 
208*"PfflGalnP A vv 1 ay\*'y^TJl 
209 - P IHGaAs** v"? Jl 
210-nffiGaAsmstt^avi?fli 
212 - pffiGaAsD>^t7»-» 
213-nfflmfc 
214 -pfflmfi 



